INTRODUCTION {#sec1-1}
============

Head injury in children accounts for a large number of emergency department visits and hospital admissions each year and remains a major cause of death and disability in children over 1 year of age. Falls are the most common type of injury, followed by motor-vehicle--related accidents.\[[@ref1]\] Furthermore, child abuse remains a major cause of head trauma in children under 2 years of age.

Head trauma may be responsible for primary and secondary brain damage. Primary brain injury results from a direct mechanical damage at the time of injury, whereas secondary injury is caused by further cellular damage that develops hours or days post injury. Although head trauma in children and adults has several similarities, children should not be considered as young adults, given that pediatric patients have a more susceptible cranial vault due to thinner bones, large head-to-torso ratio, late development of air sinuses and differences in the immune system and in their capability of maintaining body temperature. Furthermore, severe head trauma in children is less frequent than in adults, and the mortality rate is also lower.\[[@ref2]\]

In order to determine the severity of pediatric head trauma, detailed history about the injury mechanism, loss of consciousness, seizures and amnesia should be obtained. Physical examination involves the assessment of airway, breathing and circulation; complete neurological examination, including the grading of traumatic brain injury according to glasgow coma scale (GCS) score, pupils' size, inspection of the head and spine, fundoscopic and ear evaluation. Additionally, the examination of the anterior fontanel in infants is of paramount importance. Further, patient\'s management varies according to the degree of compromise. In general, the goal should be the identification of life-threatening conditions and prevention of secondary brain injury.

Skull X-ray is usually limited to the identification of skull fracture. computed tomography (CT) provides indispensable information that guides patient\'s management.\[[@ref3]\] Nevertheless, although CT is routinely performed in moderate and severe head injuries, there is still an uncertainty over which children with minor head trauma require CT, since fewer than 10% of these children suffer from a traumatic brain injury. CT is not risk free because of the radiation exposure.\[[@ref4]\] Rice *et al*. reported that there may be as high as 1 case of lethal cancer for every 1000 CT scans performed in a young child.\[[@ref5]\] Thus identification of children having low risk after head trauma is of paramount importance. In a series of 1000 pediatric patients with minor head trauma, 65 patients had a positive CT and 6 out of the 65 required neurosurgical intervention.\[[@ref6]\] A recent study suggested that high-risk patients that require CT scan are those with failure to reach GCS score of 15 within 2 hours, suspicion of open skull fracture, worsening headache and irritability; whereas large scalp hematoma, signs of skull base fracture and dangerous injury mechanism were identified as medium risk factors.\[[@ref7]\] Kuppermann *et al*. in a prospective study of 42,412 children with minor head trauma developed prediction rules for clinically important traumatic brain injury that can provide help in the identification of children in whom CT can be omitted.\[[@ref8]\]

Brain damage markers {#sec2-1}
--------------------

Various markers have been evaluated for possible use in the diagnosis and prognosis of brain damage in children.\[[@ref9]\] S100 calcium-binding protein B, or S100B, is a biomarker of acute neurological disorder. S100B is usually elevated in children after traumatic brain injury.\[[@ref10]\] Hallén *et al*. reported that S100B elevates within 6 hours after head trauma in patients with intracranial pathologies, suggesting that this marker could serve as a diagnostic tool.\[[@ref11]\] Nevertheless, S-100B cannot replace clinical examination and CT but may support selection of patients for CT.\[[@ref12]\] However, in the presence of multiple trauma, S100B is less reliable\[[@ref13]\]

Neuron-specific enolase (NSE), a glycolytic isoenzyme in neurons and neuroendocrine cells, is also related to brain injury. Fridriksson *et al*. in a study of 50 children with blunt head trauma reported that NSE levels over 15.3 ng/mL could predict the presence of an intracranial lesion with 77% sensitivity and 52% specificity.\[[@ref14]\] Bandyopadhyay and co-workers reported that NSE level of 21.2 ng/dL predicted poor outcome, with 86% sensitivity and 74% specificity, in children with closed traumatic brain injury.\[[@ref15]\] Nevertheless, subsequent studies reported confounding results.\[[@ref16][@ref17]\]

Traumatic head injury predisposes to the development of coagulopathy. This has been considered as a manifestation of the disseminated intravascular coagulation (DIC) syndrome and has been associated with intravascular microthrombosis and neuronal death. Keller *et al*. reported that when GCS score was less than 9, 81% of children were coagulopathic.\[[@ref18]\] Furthermore, children that developed coagulopathy had a worse prognosis. Incidence of development of DIC after pediatric severe head injury ranges between 14% and 25%. DIC occurrence is directly related to patient\'s outcome. Apart from that, D-dimer\'s cutoff of 500 pg/μL has been reported to predict a negative CT in patients with initial GCS score of 13 to 15 with a negative predictive value of 97%.\[[@ref19]\]

Hyperglycemia after traumatic brain injury has also been associated with patient\'s outcome. Cochrane *et al*. reported that GCS score and serum glucose levels were independent predictors of mortality in children. In this study, serum glucose level greater than or equal to 300 mg/dL at admission was uniformly associated with death.\[[@ref20]\] Inability for normalization of glucose blood levels within 48 hours has also been associated with worse prognosis.\[[@ref21]\]

Scalp injury {#sec2-2}
------------

Extensive skull lacerations can cause hypovolemic shock in small infants. Subgaleal hematoma is a blood collection between periosteum and galea aponeurotica, which thus passes the suture lines. It is usually related to vacuum extraction and trauma. Nevertheless, cases of spontaneous subgaleal hematomas due to coagulation disorders have been reported.\[[@ref22]\] Subgaleal hematoma usually develops gradually. Prompt diagnosis is of paramount importance since patient may present with shock.\[[@ref23]\] Subgaleal hematomas can be calcified \[[Figure 1](#F1){ref-type="fig"}\].

![Calcified subgaleal hematoma](JETS-4-403-g001){#F1}

Cephalhematomas are rare and usually benign subperiosteal hemorrhagic collections of infancy and are usually limited by the sutures of the skull. This helps to differentiate cephalhematoma from subgaleal hematoma. A skull fracture may also be present. The treatment strategy of most cephalhematomas is usually conservative since they are gradually resolved in majority of the cases. Nevertheless, in cases of ossified cephalhematoma, surgical management is indicated for cosmetic reasons.\[[@ref24][@ref25]\]

Skull fracture {#sec2-3}
--------------

Skull fracture can be found in 2% to 20% of children that present with head trauma.\[[@ref26]\] Bin *et al*. recently reported a clinical score based on patient\'s age, the scalp hematoma size, and the location of the hematoma that predicts the presence of skull fracture. Ninety percent of children with a score of 4 or greater had a skull fracture.\[[@ref27]\] There are four major types of skull fractures: linear, depressed, diastatic and of skull base \[[Figure 2](#F2){ref-type="fig"}\]. Linear skull fractures are the most common. Although not significant, they should be followed up for epidural hematoma, especially if they cross a major vessel. Depressed skull fractures may be open or closed. They usually require surgical treatment when the bone fragment is depressed deeper than the adjacent inner table. The deeper the depressed bone, the higher the risk of both dural tear and cortical laceration and the worse the prognosis.\[[@ref28]\] Cases of elevated intracranial pressure due to compression of the superior sagittal sinus have been described.\[[@ref29]\]

![(a) Linear skull fracture (b) Diastatic skull fracture (c) Ping - Pong and linear fracture in an infant](JETS-4-403-g002){#F2}

Depressed skull fractures occurring in newborns and infants are called "ping pong" fractures and differ from those in older children since in infancy the bones are soft and resilient \[[Figure 2](#F2){ref-type="fig"}\]. They usually occur during a difficult delivery. Surgical intervention has been proposed; however, cases of spontaneous resolution have also been reported.\[[@ref30]\] Furthermore, nonsurgical procedures have been proposed, such as aspiration by breast milk extractor or by using an obstetrical vacuum extractor.\[[@ref31][@ref32]\] Growing skull fractures are rare, ranging from less than 0.05% to 1.6%, and are usually seen in children under 3 years of age \[[Figure 3](#F3){ref-type="fig"}\].\[[@ref33]\] All diastatic fractures should be followed up to timely identify the presence of a growing fracture. Late presented cases may be difficult to treat because autografts for reconstruction may be difficult to use, requiring alternative materials for cranioplasty.

![(a) CT scan of a patient with a growing fracture (b) Intraoperative photo revealing the growing fracture (c) Surgical treatment of the fracture](JETS-4-403-g003){#F3}

Skull base fractures are rare in children.\[[@ref34]\] They can be suspected in the presence of specific signs such as periorbital ecchymosis (raccoon\'s eyes), mastoid ecchymosis (battle\'s sign), otorhagia and epistaxis. The most common physical findings are hemotympanum and bleeding in the ear canals.\[[@ref34]\] Cerebrospinal fluid (CSF) leak may occur via the anterior cranial base or petrous bone, through the nose or ear. Usually CSF leaks stop spontaneously in nearly all children. In case of CSF fistula, surgical treatment is usually needed.

Epidural hematoma {#sec2-4}
-----------------

Epidural hematoma is a collection of blood between the inner table of skull and the dura mater \[[Figure 4](#F4){ref-type="fig"}\]. The hemorrhage usually originates from the middle meningeal artery, the venous cranial sinuses or from vessels that supply skull. In the majority of cases there is usually a fracture, and the blood vessels in the vicinity are usually responsible for the hemorrhage. The majority of epidural hematomas are located in the temporoparietal region. The lucid period may be absent; and in children, only in one third of the cases the clinical presentation is typical. The most dangerous period is the 4-hour period post trauma. Early diagnosis and surgical intervention via a craniotomy with hematoma evacuation is an appropriate treatment technique.\[[@ref35]\] Patient\'s outcome is directly related to the patient\'s preoperative neurologic status and the presence of associated intracranial lesions.\[[@ref36]\]

![(a) Epidural hematoma (b) Posterior fossa epidural hematoma (c) Subdural hematoma](JETS-4-403-g004){#F4}

Epidural hematomas of the posterior fossa account for nearly 10% of all epidural hematomas and should be suspected in cases of occipital fall \[[Figure 4](#F4){ref-type="fig"}\].\[[@ref37]\] In about 80% of cases, there is an occipital fracture.\[[@ref38]\] Because of the risk of rapid clinical deterioration due to brainstem compression, timely surgery can be life-saving.

Epidural hematomas in infants are rare because of the tight attachment between the dural membrane and periosteum and can occur after birth trauma.\[[@ref39][@ref40]\] Furthermore, in this age group, epidural hematoma may be difficult to diagnose due to the infants' inability to communicate. Falls are the most common mechanism of injury.\[[@ref41]\] The incidence of skull fracture has been reported to range between 54% and 79%. Tenderness in the anterior fontanel may be a sign of increased intracranial pressure. Besides that, lateralizing signs, irritability, pupillary abnormalities and scalp injuries should be explored in clinical examination.\[[@ref42]\] In a series of 31 infants, the mortality rate was 6.5%, and the long-term morbidity rate was 3.2%. Interestingly, no neurophysiological sequela was noted.\[[@ref43]\]

Subdural hematoma {#sec2-5}
-----------------

Subdural hematomas result from injury to the bridging cortical veins or from extension of intracerebral contusion in the subarachnoid space \[[Figure 4](#F4){ref-type="fig"}\]. The incidence is 20-25 cases per 100,000 children under 1 year of age.\[[@ref44]\] These are usually classified as acute, subacute and chronic. Brain damage is more severe than in epidural hematoma. Subdural hematoma in children differs significantly from that in adults since it is usually associated with shaken-baby syndrome and less frequent with falls.\[[@ref45]\] In case of suspected non-accidental head trauma, skeletal survey and ophthalmological examination for retinal hemorrhages should be performed.\[[@ref46]\] Computed tomography is the examination of choice. Treatment depends on the extension and localization of the hematoma. Significant neurodisability and behavioral problems have been observed in children with subdural hematomas. Various prognostic factors have been identified, such as GCS score, early seizures, apnea, brain edema and diffuse axonal injury.\[[@ref47]--[@ref50]\]

Chronic subdural hematomas are usually observed in infants and result from an undiagnosed or conservatively treated acute subdural hematoma. Clinical findings are usually nonspecific. Evacuation of the hematoma through a single- or double-burr hole is usually performed.\[[@ref51]\]

Intracerebral hematoma {#sec2-6}
----------------------

Intracerebral hematomas are unusual in children and may be the result of focal brain injury or penetrating trauma. Most often they involve the temporal and frontal lobes. Many intracerebral hematomas can be treated conservatively. Those with significant mass effect or shift may require evacuation if clinically indicated. Repeated CT in high-risk lesions is recommended.\[[@ref52]\]

Penetrating head trauma {#sec2-7}
-----------------------

Penetrating head injuries constitute only a small part of the total number of traumatic head injuries but belong to the class of most severe traumatic brain injuries \[[Figure 5](#F5){ref-type="fig"}\]. In these cases, communication arises between the intracranial cavity and surrounding environment. Gunshot head wounds are the most frequent and are encountered with increasing frequency. Bihemispheric is the most common injury pattern in these cases.\[[@ref53]\] Less frequent are injuries from knife, nails, pencils, chopsticks and scissors.\[[@ref54]--[@ref56]\]

![Penetrating head trauma following gunshot in a child](JETS-4-403-g005){#F5}

A wide variety of damage can be seen. CT and skull X-ray can demonstrate the extent of the damage. Surgery should be performed as soon as possible with debridement and proper wound closure.\[[@ref57]\] Complications include CSF leak, diabetes insipidus, seizures, intracerebral abscess and hydrocephalus.\[[@ref58][@ref59]\]

CONCLUSION {#sec1-2}
==========

In conclusion, although general guidelines for managing head trauma in children are similar to those in adults, children are unique and have special characteristics. A careful history (time and mechanism of injury, loss of consciousness, seizure activity), thorough examination, observation and neuroimaging in selected cases should provide timely identification of the patients that require further treatment.
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